Abstract: Phytotoxic secondary metabolites produced by plants have been studied as possible sources of bioherbicides. However, several environmental factors can change the secondary metabolism of plants and thus, the production of these compounds. Among these factors, seasonality can cause variations in the content of all classes of secondary metabolites. In this study, we evaluated the phytotoxic effect of aqueous extracts of leaves from Byrsonima intermedia, Gochnatia polymorpha, Luehea candicans, Miconia chamissois and Qualea cordata (species of the Brazilian savanna), collected both during the dry and the rainy season, on germination and seedling growth of maize and cucumber. The analysed parameters were affected by all leaf extracts collected during both seasons. However, a greater phytotoxic effect was observed when leaves were collected during the dry or during the rainy season, depending on the savanna species studied, on the target species and parameters evaluated. The phytochemical screening of all extracts was also evaluated and allowed the identification of anthraquinones, triterpenoids, saponins and tannins. The composition of extracts differed between the seasons for all species. This study highlights the importance of considering savanna seasonality when studying the phytotoxicity of the species of this biome.
and whether it is of short or long duration (Gershenzon 1984; Horner 1990; Jung 2004) .
Studies on the phytotoxicity of Cerrado species have increased (Gatti et al. 2004; Silva et al. 2006) ; however, few studies have focused on seasonality effects of the Cerrado on the phytotoxic potential of native species (Gatti et al. 2014) , which remains poorly understood.
The species selected for this study are abundant in the Cerrado and have biological activity (Barros et al. 2006) or are used in popular medicine (Carvalho 2003; Stefanello et al. 2006; Negrelle 2011; Santos et al. 2012) . Many medicinal plants have phytotoxic potential (Fujii et al. 2003; Alves et al. 2011; Silvestre et al. 2013) , indicating that these might be good candidates to be studied among the species that occur in the Cerrado. Thus, we investigated the phytotoxicity of leaf extracts of five Cerrado species and the effect of seasonality (dry and rainy season) on their phytotoxic potential. We also did a preliminary assessment of the composition of secondary metabolites in leaves collected both during the dry and during the rainy season. (Durigan et al. 1999) . Leaves were collected from at least five randomly chosen individuals for each species and in each season. All individuals were adult, over 15 cm in diameter at breast height (for the tree species G. polymorpha, L. candicans and Q. cordata) or over 5 cm in diameter at the stem base (for the shrub species B. intermedia and M. chamissois), and were sampled in the same region with a minimum distance of 5 m. All individuals were exposed to similar light conditions, and healthy and completely expanded leaves were collected from the third and fourth nodes. At least 30 leaves were collected per individual; these were dried in the shade, and ground in a Wiley mill. Leaf powder was stored in polyethylene containers and kept at 4°C until use.
Materials and Methods

Plant materials
Leaves of
Preparation of extracts
Extracts were obtained in the ratio of 1:10 w/v (plant material:distilled water), and were maintained at rest at 4°C for 24 h in the dark (Borghetti et al. 2013 ). Subsequently, the extracts were filtered through 14-µm porosity qualitative filter paper, from Qualy®. An aliquot of the extracts was evaporated to dryness and their yields were calculated. The remainder of the extracts were stored in polyethylene containers and frozen until use.
Physical-chemical characteristics of the extracts
Measurement of pH and its influence on the target species
The pH of the aqueous extracts (ratio of 1:10 w/v) was measured using a pH meter Tecnal, Brazil) . Toxicity tests with an aqueous solution acidified with 0.1N HCl were performed to assess the influence of the lowest pH value obtained from the extracts (3.69, see Table 1 ) on the parameters of germination and early growth of maize and cucumber. This analysis is important, because germination and seedling development are D r a f t 6 adversely affected by acidic conditions (Eberlein 1987) , which might result in a phytotoxic effect similar to that of bioactive compounds.
Osmotic potential measurement
The osmotic potential of extracts was determined with an Abbe refractometer, from osmotic solutions obtained using PEG 6000 (Villela et al. 1991) , with osmotic potentials of -0.001 to -0.01 MPa and was calculated according to equation (1) The osmotic potential of extracts was evaluated because it can mimic phytotoxic effects (Wardle et al. 1992; Ferreira and Aquila 2000) ; at osmotic potential values more negative than -0.9 MPa, germination is severely reduced, and at values more negative than -1.5 MPa, germination is totally inhibited (Eberlein 1987) .
Target species
Bioassays were conducted with long green cucumber (Cucumis sativus L.) and double hybrid maize SHS 4080 (Zea mays L.) to evaluate the phytotoxic potential of extracts on their germination and early growth. Because phytotoxic effects can be species-dependent (Ferreira and Aquila 2000) , two target species were selected; one eudicot and one monocot, respectively. Cucumber and maize were selected because they display high, rapid and uniform germination, rapid early growth, and a high sensitivity that allows effects at low concentrations of bioactive compounds to be observed (Rice 1979; Ferreira and Aquila 2000) .
Germination bioassay
D r a f t
Experiments were performed in germination boxes (11 × 11 × 3.5 cm), containing two sheets of wetted filter paper with 10 mL of extracts for bioassays conducted with cucumber seeds and 15 mL of extracts for bioassays conducted with maize, or distilled water for the control. Each treatment consisted of five replicates containing 20 seeds of cucumber or maize (n = 100). Germination boxes were kept in a BOD incubator (Eletrolab, model 102 FC) at 25ºC (± 1°C) with a photoperiod of 12 h. Seed counting was performed every 12 h, totalling 96 h for maize seeds and 120 h for cucumber. Seeds were considered to have germinated when 1 mm of the root protruded. The parameters analysed were germination ability at the successive observation times (t -1) and (t i ); ∑n i = the number of total germinated seeds).
Note that U actually is lack of synchrony, in that the more synchronous the germination timing, the lower the value of U. The advantage of this metric is that its value is not influenced by the total number of germinated seeds. Also, note that log of zero is undefined (Santana and Ranal 2000) .
Initial growth bioassay
Bioassays were performed in germination boxes (11 × 11 × 3.5 cm), containing two sheets of wetted filter paper with 10 mL of extracts or distilled water (control). Each treatment consisted of three replicates containing 20 germinated seeds (with 2 mm of root protrusion) of cucumber or maize (n = 60). Germination boxes were kept in a BOD incubator under the conditions previously described. The bioassays lasted for 96 h for maize seedlings and 120 h for cucumbers. The parameters analysed were the length of the main root and shoot, and the number of secondary roots.
Phytochemical screening
Aqueous leaf extracts used for the bioassays were subjected to qualitative phytochemical screening by chemical reactions, resulting in the development of colour or precipitate or spume, characteristic for each class of substances. To identify alkaloids, the Hager, Mayer and Dragendorff reagents were used. Anthraquinones were identified with NaOH, coumarins with KOH, and steroids and triterpenoids with (CH 3 CO) 2 O and H 2 SO 4 . To D r a f t identify flavonoids and tannins AlCl 3 and gelatin solution were used, respectively (Matos, 1997) .
Statistical analysis
The germination ability, speed of germination, synchrony, length of shoot and primary root and number of secondary roots were calculated as the mean percentage difference compared with the negative control (Chung et al. 2001 ), according to equation (5):
Positive values represent stimulation and negative values represent inhibition in relation to the control.
The experimental design was completely randomised. The data were tested for normality of the residuals (Shapiro-Wilk test, p > 0.05) and for the homogeneity of the variances (Levene or Cochran test, p > 0.05). All statistical tests were performed on absolute values. Significant differences between treatments were determined using one-way ANOVA followed by Dunnett's test (p < 0.05). The data relating to the effect of the extracts and the seasons were analysed by factorial MANOVA followed by Tukey's test for the interaction between factors (p < 0.05).
Results
Yield and physical-chemical characteristics of the extracts
The yield of the extracts ranged from 0.006 to 0.019 g/mL for Q. cordata (for leaves collected during the rainy season) and M. chamissois (for leaves collected during the dry season), respectively. The yield of the extracts was higher when the leaves were collected during the dry season, except for L. candicans (Table 1) .
The pH of distilled water (negative control treatment) was 6.01, whereas the pH of the extracts ranged from 3.69 to 6.22 (Table 1) . The germination and initial growth of the target species were not affected when tested under the lowest pH value using an acidified aqueous solution at pH 3.69 (data not shown). The osmotic potential of the extracts ranged from -0.031 to -0.008 MPa ( Table 1 ), values that are not considered in the phytotoxic range (Eberlein 1987 ).
Activity of extracts and phytochemistry
For the germination and growth of maize and cucumber, the Wilks' lambda test showed significance for the leaf extracts, for the seasons and for the interaction between these two factors (Supplementary Table S1 ). Considering each parameter evaluated for germination and growth of the target species, the statistical analyses reported in Supplementary Table S2 and S3, respectively, showed that significant differences exist among the leaf extracts, between seasons when the samples were collected, and in the interaction between these two factors, except for germination synchronism.
Extracts of B. intermedia decreased the speed of germination and the germination synchrony only for cucumber compared with the control. However, there were no significant differences in effects on germination by leaf extracts collected during different seasons (Table   2 ). In contrast, all seedling growth parameters were lower after treatment with these B.
intermedia extracts compared to the control, except for maize shoot length (Table 3 ). The B.
intermedia leaf extract obtained during the dry season was more phytotoxic to maize growth parameters than that obtained during the rainy season; for cucumber growth, the most phytotoxic leaf extract was that obtained during the rainy season (Table 3 ). The extract of B.
intermedia contained a higher concentration of tannins and of triterpenoids in the dry season.
D r a f t
Anthraquinones were found only in samples collected during the dry season, whereas saponins were found only in samples collected during the rainy season (Table 4) .
For G. polymorpha, only the leaf extract obtained during the rainy season inhibited germination, and reduced maize germination ability and the speed of germination of both target species compared with the control (Table 2 ). All growth parameters studied were lower following treatment with G. polymorpha extracts compared with the control; except for cucumber shoot length that was enhanced after treatment with leaf extract obtained during the rainy season. In general, the leaf extract obtained during the dry season was more phytotoxic to seedlings than that obtained during the rainy season (Table 3 ). This may correlate to higher concentrations of anthraquinones and triterpenoids in extracts of G. polymorpha in samples collected during the dry season than in those collected during the rainy season (Table 4 ).
The leaf extract of L. candicans obtained during the rainy season decreased the germination ability of both target species; this extract also decreased the speed of germination and the germination synchrony of cucumber compared with the control (Table 2) .
Furthermore, the main root of maize was longer when treated with L. candicans extract obtained during the rainy season, whereas its shoot was longer following treatment with the extract obtained during the dry season compared with the control (Table 3 ). The main root of cucumber did not grow as much, and had fewer secondary roots than in the control following treatment with either the extract obtained during the dry season or the rainy season (Table 3 ).
The extracts of L. candicans contained saponins and tannins in samples collected during both seasons and had a higher concentration of triterpenoids in samples collected during the rainy season (Table 4 ).
The only effect observed for the M. chamissois extracts on germination was a reduction in the speed of germination of cucumber, in comparison with the control, for the leaf extract obtained during the rainy season (Table 2 ). In contrast, the extracts of M. D r a f t chamissois caused a reduction in all the growth parameters studied; however, maize shoots were longer when treated with the extract obtained during the rainy season (Table 3 ). The M.
chamissois leaf extract obtained during the dry season was more phytotoxic to all growth parameters than the extract obtained during the rainy season (Table 3 ). This may correlate to higher concentration of triterpenoids and tannins in samples collected during the dry season than in those collected during the rainy season (Table 4 ).
The extracts of Q. cordata did not affect germination compared to the control (Table   2 ); however, they caused a reduction in most of the growth parameters of the target species compared with the control (Table 3 ). The leaf extract of Q. cordata obtained during the dry season was more phytotoxic than that obtained during the rainy season (Table 3 ). This may correlate to higher concentration of saponins and tannins in samples collected during the dry season than that obtained during the rainy season (Table 4) .
Discussion
The pH and osmotic potential of the evaluated extracts per se were not responsible for the observed effects on germination and seedling growth; therefore, the bioassays confirmed that the Cerrado species B. intermedia, G. polymorpha, L. candicans, M. chamissois, and Q. cordata are phytotoxic plants. Phytotoxic effects on seeds were observed for most extracts.
The decrease in germination ability and the speed of germination, and less synchronised germination indicate disruption of the chemical reactions in the germination process of these seeds (Santana et al. 2006 ). However, in general, the phytotoxic effects were more pronounced on seedling growth than on germination, corroborating the results of other studies (Ferreira and Aquila 2000; Silvestre et al. 2013 ).
The effect of secondary metabolites on germination and seedling growth remains unclear. The effect of these metabolites in germination appears to be mediated mainly by the ) and triterpenoids for G. polymorpha (Farias et al. 1984 ) and for L. candicans (Silva et al. 2012) . Previous phytochemical studies of the genus Miconia revealed the presence of some chemical classes in common with the chemical constituents encountered for M.
chamissois: triterpenoids (Peixoto et al. 2011), tannins and saponins (Gorla and Perez 1997) .
This reinforces our findings for the species M. chamissois.
Considering all of the species studied, together, there were no clear trends in the seasonality of different compounds; however, the phytochemical analysis suggested a higher concentration of tannins in leaf extracts obtained during the dry season compared to those obtained during the rainy season. Triterpenoids were detected for all five species in leaf extracts obtained both during dry and rainy season; saponins were also detected in all species studied, but not always in the leaf extracts from both seasons. Because extracts did not contain steroids but did contain triterpenoids, the saponins detected in extracts are probably triterpenic. Considering that the leaf extracts of all Cerrado species studied either from both the dry season and the rainy season are phytotoxic, saponins and triterpenoids are good candidates to be potential phytotoxic compounds. Saponins and triterpenoids are recognised as biologically active compounds that affect germination and seedling growth. It has been suggested that saponins reduce the respiratory rate of cotton seeds due to the reduced availability of oxygen diffusion through the integument, which inhibits germination (Marchaim et al. 1974) . Several saponins that have been isolated and characterised from other species inhibit the shoot elongation (Scognamiglio et al. 2012) or radicle growth (Hernández-Carlos et al. 2011) of plants. It has been proposed that the inhibitory effect of saponins is related to the formation of high-molecular-weight matrices around the radicle, which prevents water uptake by the plant (Waller et al. 1999) . Triterpenoids also act as inhibitors of lettuce germination (Martins et al. 2010 ). In addition, triterpenoids can inhibit the root growth of D r a f t 15 2011) and stimulate seedling growth in some crop species (Macías et al. 1997) , but the mechanism of action of these compounds remains unknown.
Besides considering the effect of seasonality on the phytotoxicity of species, studies that seek to identify bioactive compounds must evaluate different target species, because these can not only exhibit differences in sensitivity (Ferreira and Aquila 2000) , but also antagonistic responses. In this study, extracts of L. candicans from samples collected during both seasons favoured the growth of maize and inhibited the growth of cucumber seedlings.
Therefore, these extracts contain potential compounds with which to formulate both polymorpha and M. chamissois, respectively, obtained during the rainy season, showed longer shoots than the control; however, in these specific cases, this effect might have resulted from a change in the allocation pattern instead of a direct positive affect of the extracts, since the seedlings had longer shoots, although their roots were not as long as the control roots.
In conclusion, this study shows that aqueous extracts of leaves of B. intermedia, G. 
